Sand is a crucial resource for society's development. Among the most exploited sand quarries in the world are the lagoon and wetland sand. Although mechanical sand dredging is the most spread technique, manual and traditional techniques are still widely used in West Africa. The purpose of this paper is twofold: to describe traditional sand dredging (TSD), highlighting the procedure used and the structural organization of this activity, and to evaluate the total economic value of TSD in order to help decision making about wetland management. Therefore, TSD occurring in the coastal lagoon complex of Grand Nokoué (CLCGN) in Benin was investigated. Field surveys indicate that TSD is mainly dominated by men, about 93% of the actors. It required intense physical efforts including diving to the bottom of the lake and removing manually the sand in backed toward the surface of the water. TSD actors are organized in local associations which deliver extraction license and discuss with both the others actors and the local government. The total economic value of the benefits of TSD to the population, estimated using direct market value and replacement cost, was estimated at 2.44 million USD per year for 127,818 m 3 of sand extracted. It is clear that introduction of mechanical sand dredging will increase the amount the sand removed and subsequently will increase some benefits such as reduction of flooding amplitude and mitigation of the filling of the lakes. However, mechanical sand removal will also considerably reduce the profit the local population makes from sand commercialization which currently represents 80% the total economic value of TSD.
Introduction
The global assessment of the benefits that ecosystems offer to society clearly indicates the great dependence of human well-being on these benefits also known as ecosystem services (ESS) [1] [2] [3] . However, the growth in human population and the growth in per-capita resource consumption have jeopardized the health of many ecosystems around the world [4] [5] [6] [7] . The ESS related to water (ESSw) are among the most threatened because they are found in all ESS categories described by the [1] and therefore are more exposed to anthropogenic interference. In many areas across the globe, human settlements have encroached aquatic and related terrestrial ecosystems including wetlands, marine coastlines, lakes, and mangrove forest, polluting and disturbing theses environments while increasing resource scarcity [4] [8] [9] . Establishing "boundaries" that must not be transgressed could help prevent human activities from causing damage to aquatic ecosystems, but this will also automatically affect societies economies [10] . It is clear today that natural water resource management, particularly ESSw management, involves facing with conflicts between environmental protection and economic development. On approach proposed by researchers to help policymakers across the globe deal with these increasingly complex decisions about natural resource management, it was to collect information on ESS flows in order to estimate their economic values [11] [12] .
Economic valuation of ESS has been largely debated in the literature [13] [14] [15], mainly because of the potential importance such values may have in influencing public opinion and policy decisions. In addition, environmental scientists do not agree to the utility and reliability of economic methods for valuing ESS. In order to avoid possible biases (or at least minimise the errors) in the evaluation of ecosystem services, [13] proposed to evaluate them "… from many different conceptual and methodological perspectives at once" with a specified baseline (the nature of the ESS: provisioning, regulating or cultural) and specified measure of change in their ecological states (marginal or non-marginal variation at any physical and temporal scale). Several concepts have been developed to quantify the value of ESS. Some are based on usefulness (instrumental value) through contributions of the ESS to human well-being (utilitarian values); others are based on inherent or intrinsic value and rights (existence value) [16] . Despite a large number of methods and approaches developed for the evaluation of ESS, decision-makers and politicians are still facing challenges in estimating ecosystem values in commensurate terms with opportunity costs. Important elements like data collection, knowledge on the ESS functions or dynamics of ecosystems are usually insufficient for real and total valuation of ESS, especially in developing country where the concept of ESS was still new for decision makers [17] 
ESS and Policy Context of the CLCGN
Based on information collected from literature, the ecosystem cascade diagram developed by [22] has been used to link ecological structures and processes of the CLCGN with the direct benefits that the population gets from this ecosystem.
The cascade model ( Figure 1) indicates that in addition to the conventional ESS directly related to the human well-being provided by coastal wetlands, such as fishery, water purification, transportation, tidal renewal of water quality [23] , the Figure 1 . Ecosystem Service Cascade proposed for the CLCGN adapted from [22] . Non-use and intrinsic moral, social, and cultural values are not included. Table 2 .
Lagoon sand dredging also present negative environmental impacts. The most recurrent consequence is an increase of the water turbidity which caused the decrease of photosynthetic activity, disturbance of feeding activity of some fish species and the increase of infestation risk for aquatic animals. Another consequence regarding the water quality is the change in the nutrient dynamics of the ecosystems through sediment resuspension. In addition, in many aquatic ecosystems, degradation of aquatic biota and alteration in fish population has been 
Materials and Methods

Study Site
The CLCGN is located in the South-eastern of Benin in West Africa (Figure 2 while the mean annual precipitation ranges from 960 mm to 1340 mm.
Geologically the study area is in the middle of three structures including the 
Valuation of Traditional Sand Dredging
The total economic valuation of TSD was made by adding all the benefits provided by this ESS. Table 1 The data needed for the valuation of each benefit was listed in Table 1 . These data were collected based on two approaches. First, field surveys were conducted to collect primary data. Second, for all the benefits, when supplementary data (which couldn't be provided by the survey) were needed necessary, secondary data were collected. around Lake Nokoué. After this exploratory survey, snowball sampling method was used to identify the actors to be questioned [37] . It allows building a net- Since all the required information for financial evaluation of TSD could not be collected from field survey, the additional information was collected from published research papers, administrative documents provided by decision makers and municipalities' libraries, and the National Institute for Statistic (secondary data collection). These documents included municipal action plans, study reports financed by the municipalities, the monitoring reports of the TSD activity and soil and occupation maps of the study area. 
Survey Design and Data Collection
Results
Characterisation of TSD in the CLCGN
Description of TSD Procedures
TSD involves a succession of step with most of the tasks requiring some physical energy. The first step is the preparation of dredging equipment consisting mainly of aluminum buckets, wooden ladders, shovels and motorized boats.
Then, the extractor's team explore the lake to identify an extraction site which is the second step. The identification of the site is done intuitively and requires experience from the extractors. An operator embedded a wooden post in the bottom sediment, to identify first the nature of the sediment (since they are looking for sandy sediment), and second whether the depth at the point is safe. Sometimes water hyacinth cover the surface of the water at the identified sites, and it is necessary to clear them to facilitate the inking of the boats. The third step consists of the implementation of the preliminary tasks before the actual sand extraction. This consist of inking the boat by fixing it to 2 to 4 stilts, then the ladder is set up for the descent of the divers to the bottom and their climb to the boat. If necessary, the divers proceed to the removal of the layer of mud and detritus (generally consisting of dead hyacinths) covering the layer of sand to be extracted. The fourth step is the actual sand extraction. The divers pick up the bottom sand using aluminum buckets and climb up to the surface using the wooden ladder. When the boat is considered full, the extraction team proceeds to the regrouping point on the shore (the market). There, women unload the sand from the boat and form the piles on the sand storage platforms. Finally, the sand is loaded into trucks and delivered to customers.
The procedure described above is the same whether the dredging is done in PNL, in LN or in Ouémé River. The procedure has not changed since the establishment of TSD in early 1960. However, some improvements have been done regarding the material used especially the boat which is wider to limit the risks of capsizing once on the water.
Structural Organization of the ES
About 1206 persons are the number of people directly involved in TSD. The low representation of women, only 7%, could be explained by the nature of the tasks since the perception of the local society some tasks are exclusively for men (Table 3) . However, 89% of people surveyed, including women, are satisfied with the role women play in the activity. The median age of the actors was 35 years (age ranged from 17 to 70 years) with 75% under 40 years and 4% about 60
years. The experience of the actors varies between 1 and 50 years with 5% of having less than 3 years of experience and 55% having more than 8 years of experience, meaning 55% were in the activity before the 2009 government reform.
These figures indicate a certain stability in TSD, suggesting an activity already saturated or very difficult to integrate. A spatial analysis of the ethnic origin and M. B. Djihouessi et al. 
Economic Value of the ES
The volume of sand extracted was the major information needed in the eco- from Porto Novo Lagoon and 23% from Lake Nokoué ( Table 3 Table 4 .
The total value of TSD generated by CLCGN is estimated at per year or 2.44 million USD per year (Table 4) . Profits through sand commercialization are the Introduction of mechanical sand dredging in CLCGN is suspected to considerably increased benefit 2 to 5 since more volume of sand will be extracted. The objectives defined by decision maker for mechanical sand removal suggest an increase of more than 100 times of the benefit 2 to 5. However, mechanical sand removal is expected to negatively impact the direct profits that population make from TSD. The proposed mitigation plans currently suggest the conversion of TSD actors into mechanical dredging. However, it is recalled that most TSD actors may have difficulties in the operation of machines. In addition, 78% of the people interviewed rejected the idea of working for a dredging company. They defined TSD as a business inherited from their families and want to legate it to their child in turn. An option that could be developed by decision maker is to reserve some area for traditional dredging. This will require many meeting with TSD actors with currently are not associated with the discussion and the introduction of mechanical sand dredging. It is also important to note that mechanical dredging will have a higher environmental impact on both water quality and biodiversity of CLCGN. More research should be done on the environmental impact of TSD, even though from the perspective all the user of CLCGN including fishermen, TSD has a minor effect on the lakes water quality.
Linkage between ESS in CLCGN
TSD is susceptible to influence positively and/or negatively others ESS. Based on the focus groups and on observations from the field the linkage between TSD and the others activities occurring around CLCGN were established (Figure 4) . 
Conclusions
The economic value of TSD in CLCGN is about 2.44 million USD per year. Even though this activity is traditional, many advantages are derived from it including substantial incomes for the population, mitigation to a certain extent of lake's filling by sediment and slight reduction of flood event amplitude. In addition, tion. An interesting concept of ownership on lake's services has occurred in CLCGN and needs to be investigated for a suitable management of the resources.
